Purpose: Gliomas are the most common primary malignant neoplasms of the central nervous system. Secreted phospholipases A2 (sPLA2s) are known to play an important role in various physiological processes, including bioactive lipid production, defense mechanisms, and cell signaling. However, their roles and clinical importance in gliomas remain unclear. Patients and methods: In this study, we analyzed the association between the expression of various sPLA2-encoding genes and the clinicopathology of gliomas, using the data of 1047 patients obtained from a public database. Immunohistochemical analysis of 82 glioma tissues was also carried out to assess the relationship between phospholipase A2 group V (PLA2G5) protein expression and the World Health Organization (WHO) glioma grades. Results: We found that high PLA2G5 gene expression was associated with unfavorable prognosis in both low-grade and high-grade gliomas. The immunohistochemistry of the 82 glioma tissues further confirmed that PLA2G5 protein expression was dependent on the WHO glioma grade. In addition, we found a correlation between PLA2G5 gene expression and both epithelial-mesenchymal transition and the isocitrate dehydrogenase 1 mutation status in these tumors. Conclusion: Our results indicate that PLA2G5 could be a potential biomarker for predicting poor prognosis in patients with gliomas.
Introduction
Gliomas, which are the most common primary malignant neoplasms in the central nervous system, can be assigned to World Health Organization (WHO) tumor grades according to their histopathological features, with grade IV representing high-grade gliomas (HGGs) and grades I-III representing low-grade gliomas (LGGs). 1 This classification method is also used in the Cancer Genome Atlas (TCGA) database (https://cancergenome.nih.gov/). Patients with HGG frequently have a poor prognosis, and the median total survival time is only 14.6 months.
glioma diagnosis when combined with the classic WHO central nervous system tumor classification. 4 Therefore, research on new prognostic markers would help us understand the molecular biology of gliomas and improve the prognosis of patients with this disease. Secreted phospholipases A2 (sPLA2s) are involved in various physiological processes, including defense mechanisms, bioactive lipid production, and cell signaling. [5] [6] [7] The members of this enzyme family catalyze the hydrolysis of membrane phospholipids to lysophospholipids, free fatty acids, and arachidonic acid, which can be metabolized to eicosanoids. 6 Increasing lines of evidence show that sPLA2s are involved in various human tumors, and some members of this family of phospholipases have been proposed as potential therapeutic targets. 8 For example, expression of the phospholipase A2 group III (sPLA2-III)-encoding gene PLA2G3 was significantly increased in adenocarcinomas of the left and right colon, and PLA2G3 was considered to be a novel biomarker for colon cancer. 9 Studies by Sved et al showed that sPLA2-IIA (PLA2G2A) gene overexpression was associated with both the carcinogenesis of prostate cancer and poor prognosis. 10, 11 However, the roles and clinical importance of sPLA2s in gliomas remain unclear.
In this study, we analyzed the expression levels of the sPLA2-encoding genes and survival information of 1047 patients with gliomas, using data obtained from TCGA. The notable discoveries were that sPLA2-V (PLA2G5) was the only sPLA2 associated with a poor prognosis for both LGGs and HGGs, and that the PLA2G5 gene expression level was associated with the WHO tumor grade. Immunohistochemical analysis of 82 gliomas obtained from a hospital in China further confirmed the changes in the PLA2G5 protein levels in glioma tumors and its clinical significance.
Materials and methods

Patients and tissue samples
Clinical information and molecular data of 1047 patients with gliomas (524 with LGGs and 523 with LGGs) were obtained from TCGA. The gene expression of PLA2G5 in glioma tumors from 524 LGGs was obtained using the RNASeq (Illumina HiSeq) platform in TCGA. The gene expression of PLA2G5 in glioma tumors from 523 HGGs was obtained using the gene expression array (Affymetrix U133A) in TCGA as well as RNASeq (Illumina HiSeq) for 172 of the HGGs. The basic information of the patients is summarized in Tables 1 and 2 . For the age factor, the patients with LGGs were roughly separated into two groups by the median age of 41 years (age <41 years, n=258; age ≥41 years, n=266), whereas the patients with HGG were separated into two groups according to the median age of 59 years (age <59 years, n=255; age ≥59 years, n=268) (Tables 1 and 2 ).
In addition, glioma tissues from 82 patients were selected from the Department of Neurosurgery, Xiangya Hospital, Hunan, China. This group comprised 23 grade II, 19 grade III, and 40 grade IV tumors. Eight normal brain tissue samples were taken from paracancerous edema tissues of HGGs. Written informed consent was provided by all the patients. The study, carried out in accordance with the Declaration of Helsinki, was approved by the Ethics Committee of Xiangya Hospital, Hunan, China. The tissue samples from the 82 patients were embedded in paraffin blocks and then sectioned into slices of 5-µm thickness. The basic information of these 82 patients is provided in Table S1 .
Immunohistochemistry
The tissue sections from the 82 patients were first deparaffinized and hydrated for antigen retrieval. They were then incubated with 0.3% hydrogen peroxide for 10 min at room temperature and washed twice with phosphate-buffered saline (PBS). After blocking with 5% goat serum for 10 min, the sections were washed with PBS and incubated overnight with a primary antibody against the PLA2G5 protein (1:100, Biorbyt, Cambridge, CA, USA) at 4°C. A horseradish peroxidase-labeled secondary antibody (1:400, Abcam, Cambridge, MA, USA) was added dropwise to the sections and incubation was carried out at 37°C for 30 min. After washing with PBS, the sections were developed using a DAB substrate kit (Sangon Biotech, Shanghai, China) and counterstained with hematoxylin (Sangon Biotech). Two pathologists, who were blinded to the sample identities, independently scored the PLA2G5 immunostaining results on the basis of the staining intensity and percentage of positive cells. The intensity scores were as follows: 0 (negative), 1 (weak positive), 2 (moderately positive), and 3 (strong positive). The associated percentages of PLA2G5-positive cells were 0% (for score 0), 1-25% (score 1), 26-50% (score 2), and >50% (score 3). The immunohistochemical PLA2G5 score was calculated by multiplying the intensity score by the positive percentage, up to a maximum of 9 points; illustrative figures are provided in Figure S1 .
Statistical analysis
Differences between two groups were analyzed using the Student's t-test or Mann-Whitney test. Differences between groups were analyzed by analysis of variance. The overall-survival curves were plotted according to the Kaplan-Meier method and compared using a log-rank test. Descriptive statistical analysis was used to ensure normality. Cox proportional hazard regression analysis was used for the univariate and multivariate analyses, where the parameters used were the gender, age, WHO grade, chemoradiotherapy, IDH1 status, and PLA2G5 gene expression, which were potentially related to survival. Associations between the gene expression levels of PLA2G5 and epithelial-mesenchymal transition (EMT) markers were analyzed using Pearson's Chi-square test. Statistical analysis was performed using GraphPad Prism 5 (LaJolla, CA, USA) and SPSS version 20.0 (IBM Corp., Armonk, NY, USA). A P-value of <0.05 was considered to be statistically significant.
Results
Prognostic value of the sPLA2 family in gliomas
We analyzed the gene expression data and prognosis of 1047 patients with gliomas, obtained from TCGA; namely, 255 grade II, 269 grade III, and 523 grade IV gliomas. We assigned the patients equally on the basis of the median expression levels of sPLA2-encoding genes. We found that patients with
LGGs expressing high levels of PLA2G2A, PLA2G4A, PLA2G5, PLA2G6, PLA2G15 and PLA2G16, and those with HGGs expressing high levels of PLA2G1B, PLA2G2E, PLA2G3, PLA2G4D and PLA2G5, had poorer survival. This shows that PLA2G5 was the only sPLA2 associated with an unfavorable prognosis for both LGGs and HGGs (Table 3) . Table 3 Relationship between sPLA2s and patient prognosis in
LGGs and HGGs from TCGA database
PLA2Gs
LGG HGG 
P=0.2771
The relationship between the expression of PLA2G5 and radiotherapy in HGGs
LGG,Age,P<0.0001 HGG,Age,P=0.0767
The relationship between the expression of PLA2G5 and chemotherapy in HGGs highest in glioblastomas, whereas its expression in astrocytoma subtypes was higher than that in oligodendroglioma and oligoastrocytoma subtypes ( Figure 1B ). Representative images of various glioma subtypes are presented in Figure  S2 . When we grouped the patients according to age, PLA2G5 gene expression was positively correlated with patient age. For
LGGs, the PLA2G5 gene expression levels in the elderly group (age ≥41 years) were significantly higher than those in the younger group (age <41 years) (P<0.0001, Figure 1C) . However, for HGGs, the PLA2G5 expression levels in patients aged ≥59 years were not higher than in those aged <59 years (P=0.0767, Figure 1D) . Most of the patients with HGGs had undergone radiotherapy and/or chemotherapy after surgery. We found that the association of PLA2G5 gene expression with radiotherapy for HGG was statistically significant, but not with chemotherapy ( Figure 1E and F) . However, because the sample size of the non-radiotherapy group was too small, we could not rule out a possible sampling bias. In addition, we did not obtain radiotherapy or chemotherapy data for the patients with LGGs in TCGA. Furthermore, there was no association between the PLA2G5 gene expression level and gender for both HGGs and LGGs ( Figure S3A and B) . The correlation between PLA2G5 gene expression and the IDH1 status is described below.
PLA2G5 protein expression in glioma tumors and its association with the WHO grade
Using immunohistochemistry, we further evaluated the PLA2G5 protein expression levels in 82 glioma tissues obtained from Xiangya Hospital. We observed strong PLA2G5 immunostaining in the cytoplasm and/or nucleus of the tumor cells, but not in the normal brain tissues. Furthermore, the PLA2G5 protein levels were positively correlated with the WHO glioma grade (P<0.0001, Figure  2A -E). This was consistent with our results of PLA2G5 gene expression in data from TCGA.
Association of increased PLA2G5 gene expression with poor patient prognosis
As previously described, we assigned all patients to two groups on the basis of the median (low and high) PLA2G5 gene expression levels and analyzed the complete follow-up data for the 524 LGGs and 523 HGGs from TCGA. For the LGG cases, we found a significant statistical difference in overall survival between the two groups by Kaplan-Meier survival analysis. The median survival time of patients with high PLA2G5 gene expression levels was approximately 20.5 months, which was significantly shorter than the 26.2 months for patients with low PLA2G5 expression levels (log rank P=0.0002, Figure  3A ). For the HGG cases, the median survival times of patients were not significantly different regardless of high or low PLA2G5 gene expression (11.9 and 12.6 months, respectively). However, patients with high PLA2G5 gene expression levels had lower long-term survival times than patients with low expression levels (P=0.002, Figure 3B ).
Verification of PLA2G5 gene expression as an independent factor affecting patient prognosis
Using univariate and multivariate Cox regression models, we analyzed the relationship between PLA2G5 gene expression and various clinicopathological factors and the prognosis of patients with gliomas. The age, WHO grade, IDH1 mutation status, and PLA2G5 gene expression were independent prognostic factors for patients with LGGs (Table 4 ). For patients with HGGs, the age, chemotherapy, radiotherapy, IDH1 mutation status, and PLA2G5 gene expression were the independent prognostic factors ( Table 5 ). We concluded that PLA2G5 gene expression is an independent indicator of poor prognosis for both
LGGs and HGGs (Tables 4 and 5 ).
Possible mechanisms behind the poor prognosis in glioma patients with high PLA2G5 gene expression
We analyzed the PLA2G5 gene expression levels in gliomas with wild-type IDH1 and in those with mutated IDH1 and found that they were related. The PLA2G5 gene expression levels in LGGs carrying wild-type IDH1 were significantly higher than in those carrying mutated IDH1 (P<0.0001, Figure 4A ), and the same results were found with the HGGs (P<0.0001, Figure 4B ). These findings indicate that the poor prognosis associated with PLA2G5 gene expression in gliomas is possibly mediated by the IDH1 status. In addition, we analyzed the correlation of PLA2G5 gene expression with EMT marker gene expression (Table 6 ). In the HGG cohort, the expression levels of the PLA2G5 gene were significantly and positively correlated with those of the cadherin 2 (CDH2), vimentin (VIM), and fibronectin 1 (FN1) genes (P<0.0001, Figure 4C -E), whereas in the LGG cohort, they were positively correlated with the expression levels of the CDH2, VIM, Snail family transcriptional repressor 1 (SNAI1), SNAI2, Twist family BHLH transcription factor 1 (TWIST1), and TWIST2 genes (Table 6 ). Our findings suggest that PLA2G5 may play a role in the poor prognosis of gliomas by promoting EMT.
Discussion
Although there are reports of the expression of sPLA2 family proteins in various human cancers, [9] [10] [11] [12] and clinical significance in gliomas remain unclear. In our study, we explored the relationship between gene expression of the sPLA2 family members and disease prognosis, using data of 1047 patients with gliomas obtained from TCGA. We demonstrated that PLA2G5 was the only sPLA2 associated with a poor prognosis in both LGGs and HGGs. Although some of the other sPLA2s (eg, PLA2G2A, PLA2G2E, PLA2G3, and PLA2G6) may also play an important role in LGGs or HGGs, further research is needed to elucidate what those roles are. In fact, the survival curves related to PLA2G5 gene expression suggest that its role may be more relevant in LGGs than in HGGs and at "early times." In addition, we found that PLA2G5 gene expression depended on the tumor grade and was an independent prognostic indicator for gliomas. Using immunohistochemistry, we further explored the correlation between PLA2G5 protein expression and the clinicopathology of gliomas and confirmed that this sPLA2 member has clinical importance in these tumors. As is well established, sPLA2s play a critical role in the generation of bioactive lipids, defense mechanisms, and cell signaling, [5] [6] [7] and some of these proteins have been identified as potential pathological biomarkers [13] [14] [15] [16] or therapeutic targets. 8, [17] [18] [19] These enzymes can generate bioactive lipid mediators, including lysophosphatidic acid, linoleic acid, and arachidonic acid. 9 These lipids have been reported to regulate cell proliferation, migration, and angiogenesis by promoting mitosis. 6, 17 These biological properties have been confirmed in related studies of colorectal cancer. 9 As a member of the sPLA2 family, PLA2G5 also has these biological properties. In addition, Sadaria et al showed that the metastatic potential of esophageal cancer could be inhibited using an sPLA2 inhibitor, which decreased the expression of intercellular adhesion molecule-1 and attenuated the activation of nuclear factor-kappa beta. 20 The studies by Wang et al and Dong et al suggested PLA2G2A as a metastasis-promoting gene and a cancer biomarker in lung cancer. 21, 22 PLA2G2A was found to regulate the Src/ERK/ Akt/mTOR/p70S6K/rS6 pathway to promote the growth and migration of human astrocytoma cells. 23 These studies indicate that high PLA2G5 gene expression may play a role in the development and progression of gliomas by promoting their proliferation, migration, and angiogenesis. EMT is known to play an important role in cancer cell metastasis and the development of chemoresistance. 24 The EMT process is reportedly also present in gliomas, and thus the study of the mechanism involved would be of great significance for exploring new treatments for these tumors. 25 In our study, we observed significant and positive correlations between the gene expression levels of PLA2G5 and those of several EMT markers, in both the LGGs and HGGs. These results suggest that PLA2G5 may affect the prognosis of patients with glioma through its involvement with the EMT process. One possible mechanism is that PLA2G5 promotes EMT by generating arachidonic acid. Studies have shown that arachidonic acid promotes the EMT process by inducing the increased expression of VIM, N-cadherin, and matrix metallopeptidase 9 secretion, and lowering the level of E-cadherin junctions. 26 In addition, arachidonic acid accelerates the EMT process by regulating CDH1, VIM, and TWIST1 gene expression. 27 These findings are in agreement with our results.
IDH1 plays a crucial role in cellular metabolism. Mutations of this protein were first reported in 2008 by Parsons et al, and were subsequently found to occur in most of the LGGs and secondary adult glioblastomas. 28, 29 The mutated IDH1 is now one of the most widely known glioma biomarkers. The prognosis of patients with gliomas carrying the mutated IDH1 is significantly better those carrying the wild-type IDH1, 29 as was confirmed by our findings ( Figure S4 ). In our results, we found a correlation between the wild-type IDH1 status and high PLA2G5 gene expression in both
LGGs and HGGs. This may indicate that PLA2G5 affects the prognosis of patients by affecting the metabolism of gliomas through its interaction with IDH1. However, the exact mechanism of how PLA2G5 affects the prognosis of these patients remains to be further studied.
Conclusion
In conclusion, the present work shows that PLA2G5 could be a novel biomarker of prognosis for patients with gliomas. PLA2G5 is associated with both the glioma grade and survival time of patients and may be involved in the initiation and progression of these central nervous system tumors. 
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